I. INTRODUCTION
Simulation of the three-phase induction motor is well documented in the literature and digital computer solution can be performed using various methods, such as numeric programming, symbolic programming and the electromagnetic transient program. With the rapid development in computer hardware and software, new simulation packages which are much faster and more user friendly are now available. Traditionally, induction motors have been analyzed using the classical lumped parameter approach is practical and very useful for steady state analysis and design synthesis it does not allow transient conditions to be modeled and therefore cannot be used as part of a simulation procedure. One approach for modeling transient conditions is to use the d-q axis method [1] . Principally, the d-q axis model is only valid when the input voltage is sinusoidal so that any mmf can be resolved into the two axes current a.c machines drives however produce periodic but non-sinusoidal outputs. Since these voltages are not sinusoidal the d-q axis model cannot be used directly. In this contribution the original d-q axis model is adapted so that the cycloconverter model can be correctly applied. This is achieved by utilizing separate d-q axis models [2] . But in present study the aimed model include rotor bars and end-ring together with the stator windings. So, the rotor bars and end-ring data (currents, voltages etc.) are accessible and can be investigated. And the rotor bars and end-ring parameters are verification and made optimization.
The facilities provided by the Simulink software of MATLAB are used to implement the block diagram which represents the governing squirrel cage induction motor mathematical model differential equations with cage model. The main advantage of the SIMULINK over other programming software is the simulation model is built up systematically by means of basic function blocks. A set of machine differential equations can thus be modeled by interconnection of appropriate function blocks, each of which performing a specific mathematical operation. The simulation model can be easily developed by addition of new sub-models to cater for various control functions. The following assumptions were made for the derivation of the appropriate mathematical model;
-The magnetic permeability of iron is considered to be infinite.
-The gap is very small compared to the radius of the rotor.
-Both surfaces of the stator and rotor are perfectly smooth.
-The resultant magnetic field produced in the gap is radial.
-The state of operation remains far below magnetic saturation.
-No skew bars were considered in the rotor cage.
II. MATHEMATICAL ANALYSIS OF SQUIRREL CAGE INDUCTION MOTOR
In order to study rotor values, a mathematical model was used, which also included a rotor equivalent circuit of the squirrel cage induction motor [3] [4] [5] [6] [7] . The rotor equivalent circuit of a three-phase induction motor with Nr number of rotor bars is shown in Fig. 1 . The mathematical model was developed by using voltage equations developed on the basis of mesh currents. The following assumptions were made in modeling solutions:
-Rotor bars and short circuit ring do not contact the rotor core.
-Leakage fluxes in rotor and stator are ignored. Stator phase equations are given in Equation (1) [7] - [9] . The k. rotor mesh equation is given in Equation (2) .
Here, - 
Here The matrix form of the equations can be written as Equation (5):
Here, resistance and flux matrices are as follows:
When the fluxes in Equation (5) are solved, Equation (7) is obtained:
As seen in Equation (4), mutual inductances change depending on the electrical angle of the rotor ( er  ) and the angle between the bars ( ). In case the rotor bar is broken, angle - ‖ will be doubled in the broken area, and the value of the mutual inductance matrix and of some matrix elements will change. In this case, motor currents -particularly the stator currents-will be affected.
The electrical moment statement is given in Equation (8) .
By assigning a specific value to the initial value of the rotor angle, the moment statement given in Equation (8) can be solved by solving the currents in Equation (7). Since rotor failures will change mutual inductance matrices, the value of matrix elements and, in turn, currents, the results obtained from Equation (8) will be directly affected. Rotation equations are given in Equation (9) and Equation (10).
Here, -J -refers to moment of rotor inertia. Calculation of current and electrical moment values will give rotor speed value. Rotor failures will affect electromagnetic moment and, in turn, rotor speed. However, the moment of rotor inertia will mitigate these effects proportional to its value.
III. SIMULATION AND RESULTS
The model was simulated in Simulink. In first initializations were made so that all the motor parameters were known. So, all the parameters were formed an initialization file. This file assigns values to the machine parameter variables in the Simulink. Motor output data are investigated via changing the values before running simulation. The simulated motor initial values are given in Table I . Simulation was made by applying 380V three-phase AC voltage at 50 Hz with just an inertia load. Fig. 2 shows the Simulink implementation and the inside of these blocks where each equation from the mathematical model of induction motor which was included squirrel cage structure. The marked region in Fig. 2 was zoomed and shown in Fig. 3 . The important points were marked and described in Fig. 3 . (4)) are taken into consideration, it will be very difficult that the inverse operation is made by using Simulink blocks. So, in this study m-file block is used instead of formulation block. The used m-file block is shown Fig. 2 . The Simulation results about three phase currents, torque and motor speed are shown Fig. 4, Fig. 5 and Fig. 6 for three phase the squirrel cage induction motor which specifications are 50 Hz, 2 poles, 18 rotor bars. The motor becomes starting, accelerates and reaches to steady state at 4.1 s under no-load. at the 6th second load was increased to 30 Nm. The motor accelerates and reaches to steady state at 7.35 s under this load. In these significant times, transient changes at the current, torque and speed are shown and investigated via the simulation results. 
IV. CONCLUSION
In this paper, implementation of Simulink simulation for squirrel cage induction motor mathematical model has been introduced. Unlike most other induction motor d-q model implementations, with this model, the user has access to rotor bar and end-ring variables and data. Any squirrel cage induction motor can be simulated in the Simulink with this model. In the future works, if need be, when the estimators are developed, the estimators can be verified achieved the output signals.
